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Map (from H | denbrand and Hendricks, 1995) show ng structura
features of northern Reelfoot R ft and New Madrid Seismc
Zone. Dots represent earthquake epicenters.

Map of Massac County, showing faults.

Stratigraphi c col um.
Map showing distribution of high and |ow Munds G avel,

Metropolis formati on, Equal ity For mat i on, and nmoder n
f1 oodpl ai n deposits.
Cross section illustrating relationship of units mapped in

Figure 4. This generalized section does not show |oess or

aul ts.

Sketch of fault zone, part of Rock Oreek G aben, in excavated
bank of Mallard Creek. The faults displace McNairy Fornmation,
Metropolis formation, and a post-Sanganoni an gravel Q2.

Cross section of Wsterman graben in Barnes Creek Fault Zone,
based on streanbank exposures and borehole BGC7. The
Pl ei stocene Metropolis formation is downthrown a m ni num of 27
m into a structure that contains both normal and reverse
faul ts.

Phot ograph and sketch (looking north) of fault H al ong Barnes
Cr eek.

Interpretive cross section of fault H
Map and cross section of terrace graben al ong Barnes O eek.

Map and cross section of pipeline graben al ong Barnes O eek.
Phot ograph (1 ooking south) of fault that forns western border
of pipeline graben. The west-di pping, high-angle reverse
fault displaces white, lamnated McNairy Formation on the west
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against Metropolis formation (red silty sand with |arge gray
burrows) on the east. Note drag fold in MNairy. Gaduations
on staff 1.0 foot (0.3 m.

Phot ograph and sketch of small faults near east border of
pi pel i ne graben. Al luvial gravel, younger than Metropolis
formation, is downdropped about 1 m between two faults that
strike NNW Younger Hol ocene sedinments are not deforned.

M niature graben in bank of Barnes COeek just west of, and
parallel with terrace graben. G avel and pebbly silt wthin
graben contains Sanganon geosol; near-horizontal MNairy sand
bordering graben |acks geosol features. This structure
t heref ore devel oped in Wsconsinan, or possibly early Hol ocene
time. Brown Hol ocene gravel at top of view is not displaced.

Note that there is no relative offset of MNMNairy bedding
across the little graben.

New interpretati on of Massac Creek graben, based on |SGS #R-1
Weaver corehole and driller's log of Janes Waver's water
wel | . If "red gravel”™ in water well is Munds this well
penetrated a reverse fault of substantial nagnitude.

Profile (looking west) of railroad cut south of Round Knob
No faults are exposed, but discordant structural dips and
stratigraphy inply that several are present.

Smal | fault exposed in streanbank sout hwest of Choat. Faults

strike N25°E, parallel wth linear ravine. Sandy silt of
Metropolis formation is downthrown(?) against gravel of the
sane formation; structure is truncated by Hol ocene all uvium
Conpare with Barnes Creek mniature graben (Fig. 14).
Cross section near Choat, based on outcrop and borehol e data.
Followng the wusual pattern, a narrow graben contains
downt hr own Neogene units.
Pair of photos illustrate east and west borders of structure
on south side of Kelley railroad cut. Both boundaries appear
to be high-angle normal faults that displace Munds G avel
against the MNMNairy Formation. The MMNairy exhibits sharp
drag-folds on both margins of the structure on the south side
of the cut. Evidence for faulting on the north side of the
cut, howere, is |ess conpelling.
Profile of north side of Kelley railroad cut, as reveal ed by
t renchi ng. Here the boundaries may be tilted stratigraphic
contacts rather than faults. The Loveland Silt and underlying
Yarnouthian silt are preserved only along the axis of the
structure.
Cross section of graben at Maple G ove School, based on cored
| SGS borehol e and sanple | og of school water well.
Bar graph (nodified from Tim Larson, |SGS) showi ng nunber of
eart hquakes per day for the 1984 earhquake swarm near J sted,
[11inois.
Map (nodified from Tim Larson, |1SGS) show ng hypocenters
(sorted by magnitude) for the 1984 d nstead earthquake swarm
Fault interpreted fromwell data also is shown.



ABSTRACT

This year's activity focused on structures that are part of
the Fluorspar Area Fault Conplex (FAFC) in Massac County, Illinois.
Most large faults in the FAFC run southwest from bedrock upland
into the northern M ssissippi Enbaynent, where they trend directly
inline with the New Madrid Seismc Zone. These faults apparently
originated during Canbrian rifting and have undergone several
epi sodes of reactivation under different stress regines.

Late Tertiary and Pleistocene sedinents are displaced along
el enents of the FAFC at several sites in Massac County. Neogene

structures are narrow (»10 to 200 n) grabens bounded by near-
vertical faults that strike NEf, NS, and NNW G abens appear to be
products of transtensional forces; however, the anobunt and
direction of strike-slip displacenent are undeterm ned. Verti cal
separation of at least 30 m has taken place on the "Mtropolis
formation", a fluvial deposit of early to mddle Pleistocene (pre-
Sanganoni an) age. Mmnor offsets (1 mor |ess) have been observed
on Sanganoni an and Wsconsi nan-age deposits in a few places. No
tectoni c di sturbance of Hol ocene sedi ment has been observed.

A swarm of small (max. mag. 3.6) earthquakes took place north
of Ansted in Pulaski County in February, 1984. Mbst of the |arger
guades had focal depths of 5 km or |ess. A plot of hypocenters
yields a tight oval-shaped cluster about 2 X 5 kmwth the |ong
axis northeast. A northeast-trending fault, mapped fromwell data
along the northwest side of the earthquake swarm is a possible
sour ce. The inferred fault is parallel wth know Quaternary
faults to the east in Massac County.

| NTRCDUCTI ON

This year's NEHRP research focused on Neogene faulting in
Massac County, Illinois (Fig. 1). Neogene faults in Massac County
are part of the Fluorspar Area Fault Conplex (FAFC), which
originated as normal faults in the Reelfoot R ft during Canbrian
time. Most faults in the FAFC trend northeast, and are in line
with the New Madrid Seismc Zone southwest of the report area
(Figs. 1 and 2).

Previously (Nelson et al., 1996 and 1997) we docunented
several large faults that displace Mounds Gavel (Pliocene to early
Pl ei stocene), but only small displacenents of younger Pl eistocene
deposi ts. This year we identified several grabens that produce
|arge offsets of Pleistocene units younger than the Munds. In
particular, a wunit of fluvial sedinent informally called the
Metropolis formation is downthrown 10mto nore than 30minto narrow
NE-, NNE-, and NNWtrendi ng grabens. The Metropolis represents
early and mddle Pleistocene tine and contains the Sanganon Geosol
at the top. Small (1 to 2 m wide and deep) grabens locally
di spl ace alluviumthat is younger than the Metropolis and therefore
of Wsconsi nan or possibly early Hol ocene age.



STRATI GRAPHY
Pal eozoi ¢ bedr ock

In the primary study area, Massac County, Pal eozoi ¢ bedr ock
is alnmost entirely conceal ed by younger deposits, and is known only
fromwell records. Linestone formations of the Manmoth Cave G oup,
m d- M ssi ssi ppi an age, are at the bedrock surface in nost of the
county (Fig. 3). Formations identified fromwell records include,
in acsending order, the Fort Payne Formation and the Ulin, Salem
St. Louis, and Ste. Cenevieve Linestones. Chesterian (Upper
M ssi ssi ppian) strata occur in the northern part of the county and
consi st of interbedded sandstone, shale, and |inmestone assigned to
formati ons too nunerous to nention.

In sonme areas where linestone is at the bedrock surface, deep
di ssol ution took place prior to Oretaceous sedinmentation. Resulting
deposits of residual chert fragnments, sand and clay nmay exceed 10 m
t hi ck.

Tuscal oosa (Post Creek) Formation

A basal Cetaceous wunit of light-colored <chert grave
intermxed wth variable anmobunts of sand, silt, and clay has been
assigned to the Tuscal oosa Formation by previous geol ogists (Fig.
3). Harrison and Litwin (1997) recently proposed renamng this
unit the Post COeek Formation in Illinois, because "Tuscal oosa"
here is nmuch younger than the type Tuscal oosa.

The Tuscal oosa (Post Ceek) is sporadic in occurence and
highly variable in thickness in the report area. Were present, it
is typically 3 to 20 mthick, but may exceed 50 min the Gty of

Metropolis #4 water well. Wiere only driller's logs or cuttings
are avail abl e, distinguishing Tuscal oosa gravel fromresidual chert
or weathered bedrock can be inpossible. Sanpl es that consist

entirely of angular, broken chert fragnments (no rounded pebbles)
were judged to be residuum

Gravel of the Tuscal oosa is conposed |argely of subrounded to
wel |l rounded chert pebbles that are off-white to [|ight gray,
opaque, slightly porous, and slightly tripolitic. Gay to brown
chert pebbles that display bioclastic texture are | ess common. The
matrix is largely fine to very coarse, unsorted quartz sand
intemxed wth dark gray silt and clay. The Tuscal oosa apparently
contains nmuch pyrite, which oxidizes to white, fibrous sulphate
mnerals and attacks paper sanple packets, causing them to turn
spotty brown and di sintegrate.

McNai ry Formation

The MNairy occurs throughout the study area, except in a
smal | area west of Joppa, where well sanples indicate Mounds G avel
directly overlying Tuscal oosa G avel. The area of no McNairy is on
an upt hrown bl ock northwest of the Lusk Creek Fault Zone.
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The MNairy thickens from a feather edge at the northern
border of the Enbaynment to approximately 60 mnear the Chio River.
A short distance south of the river in Kentucky, three wells
penetrated 67 to 76 m of MMNairy. Oiginal thickness undoubtedly
was greater; MNMNairy is alnost everywhere unconfornmably topped by
ei ther Mounds G avel or Pleistocene deposits.

The McNairy consists of interbedded and interlam nated clay,
silt, and sand, along with very mnor anounts of gravel, lignite,
and iron/ manganese oxides. Cday and silt are nostly nmediumto dark
gray, bluish gray, and brownish gray, lamnated to nassive, and
very m caceous. Sand cones in various colors, but nost of it is
light gray, yellow sh gray, or brownish gray. Bright red and
orange sand is conmmon in surface exposures but not at depth. Most
sand is very fine to fine-grained, domnantly quartz wth
conspicuous meca, and it shows crossbedding and planar to ripple
amnation. Al though the McNairy tends to fine upward overall, the
internal stratigraphy is highly variable. No marker beds were
found that were traceable for lateral distances greater than about
1 kil oneter.

OM Creek through Jackson Formations

The following units (in ascending order) overlie the MNairy
Formation in the M ssissippi Enbaynent imediately south and west
of our primary study area: OM Creek Formation (|l atest O etaceous),
Cayton Formation and Porters Oreek O ay (Paleocene), and WI cox,
C ai borne, and Jackson Formations of Eocene age (Pryor and Ross,

1962; Ross, 1964; Kolata et al., 1981; dive, 1980). In Massac
County these units may have been originally present but were eroded
prior to deposition of Munds Gavel - with a few small but

significant exceptions.
Porters Creek day and O ayton Formation were identified in a

gully near the Illinois Central Railroad south of Round Knob in
Massac County. These units appear to be confined to a snmall, down-
faulted block. Brightly colored sand recovered fromdrill cores at
the Mapl e G ove School and Mel ferd Krueger farm and exposed at the
northwest corner of the old Mtropolis city landfill, resenble
sands of the WIcox Formation. Al three of these sites are

interpreted to lie within grabens, and will be discussed further in
the chapters on individual structures.

Massac formation (informal unit)

The informal nanme Massac formation (Fig. 3) is used herein for
a succession of Neogene sand, silt, and clay encountered in a drill
core at the depth of 33 to 92 m at the Janes \Waver property in
northern Massac County (SWa2 SW.2 NW; Sec. 33, T14S, RS5E,

Reevesville 7.5-mnute quadrangle). Sand of the Massac is nostly
gray to yellow, very fine to nediumquartz sand with rare mca and
rare small, rounded white to gray quartz and chert granules. Silt

is nediumto dark gray, sandy, generally massive and nottled. Jd ay
is dark gray to black and along with silt, contains abundant peaty
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(not coalified) organic matter. Sone |ayers of the |ower part of
the Massac fromthe core could be call ed sapropel.
Fossil pollen from depths of 44.5 and 91.2 m was exam ned by

RW Litwin and N O Frederiksen (both of the USGS). They
identified the flora as being between late Mocene and early
Pl ei stocene age (Nelson et al., 1997). The Massac underlies the
Pl ei stocene Metropolis formation in the Waver borehole. The

absence in the Massac of chert pebbles derived from Mounds G avel
inplies that the Massac is ol der than the Munds.

The Massac formation at the Waver drillsite is preserved
within a deep, narrow graben along a segnent of the Hobbs O eek
Fault Zone (Fig. 2).

The Massac formation nmay occur in other down-faulted blocks in
Massac County. Sedinments that resenble Massac crop out in grabens
al ong Barnes O eek. Sand and silt from a borehole at the Maple
G ove School near Joppa also resenble Massac. Dark silts fromthe
|atter were processed for spores and pollen, but proved to be
barren (Russel A. Peppers, |SGS, personal conmmunication 1997).

Mounds G avel

Previously called Lafayette Gavel, the Munds was desi gnated
as the lower part of "continental deposits” on geologic maps in
western Kentucky (Qdive, 1980). The Mounds is a unit of reddish
orange to brown chert gravel, containing a matrix and occasional
thin interbeds of sand. Rounded chert pebbles that bear a gl ossy
bronze patina are characteristic. WlIl rounded granules and snall
pebbl es of white quartz are common. The sand is nostly mediumto
very coarse, subangular to well rounded quartz, wth a |esser
portion of chert. The Mounds is nostly unlithified, but |enses of
congl onerate cenented by iron oxi de are conmon in outcrops.

The di stinctive bronze pati na on Mounds pebbles i s produced by
iron oxide. It is believed to be a geochem cal product of ground-
water conditions during deposition of the gravel. Recessed
surfaces on pebbles commonly have a high gl oss, whereas protruding
surfaces are dull and worn. Such pebbl es apparently were eroded
and redeposited after formation of the patina. Chunks of cenented
chert-pebble conglonmerate within the Munds further attest to
mul tiple cycles of erosion and deposition.

In nost of northern Massac and Pope Counties, south of the
Cache Valley, the Mounds Gavel is an upland deposit that overlies

either McNairy Formation or Pal eozoic bedrock. The base of the
Mounds seens to be nearly level and consistent in elevation within
smal | areas. Across the area the elevation of the base of the

Mounds gradually rises from a little above 400 feet (130 m 1in
western Massac to above 550 feet (170 m) in eastern Pope County.
In this report we refer to Munds at such elevations as "high
Mounds" (Fig. 4). H gh Munds is rarely thicker than about 15 m
and is overlain unconfornmably by Pl ei stocene | oess and col | uvi um
Near the Chio R ver, the Mounds occurs at nuch | ower el evation
and is called "low Munds" (Fig. 4). The |ow Munds overlies
McNairy Formation at elevations of 250 to 295 feet (76 to 90 m,
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|argely below normal stage of the Ohio River. El evation of the
base of the |ow Munds gradually rises eastward. More than 200
borehol es outline geonetry of the |ow Munds deposit. The gravel

occupies a paleovalley that is 8 to 11 km wide and has a nearly
flat bottom and steep walls (Fig. 5). The |ow Munds pal eovall ey
roughly coincides with, but is nmuch wider than the nodern Onio
Ri ver floodplain. Low Mounds ranges fromless than 3 mto about 17
m and averages about 10 mthick. It is overlain by the Metropolis
formation or locally, by younger units.

Aive (1980) identified four terrace |evels of "continenta
deposits” (i.e. Muunds Gavel) in western Kentucky. Qur |ow Munds
is the sane as dive's |lowest or 290-foot level. Qur high Munds
corresponds to one or nore of Aive's higher |evels.

Metropolis formation (informal unit)

The nane Metropolis formation is used informally for a unit
that overlies |ow Muunds near the Chio River or McNairy Formation
farther north (Figs. 3, 4, and 5). It corresponds roughly to
"terrace deposits” mapped in southernnost Illinois by Pryor and
Ross (1962) and Ross (1964); and accurately correlates to
Pl ei stocene "silt and sand deposits” mapped near Paducah, Kentucky
by Finch (1966 and 1967). The Metropolis formation is a key unit
to interpret Neogene tectonic activity in the area.

The Metropolis is principally silt and sand, wth |esser
amounts of clay and gravel. These sedinents are largely unsorted
to poorly sorted; the term diamcton commonly is appropriate.
Strong color nottling in shades of gray, brown, yellow and orange
is characteristic. Most of the sedinment is deeply weathered and
has wundergone multiple, stacked Ilevels of soil formation.
Burrowing is widespread and in many |layers is pervasive. Bur r ow

types include (1) intricate networks of small (»1 cn) sand-fill ed,
si nuous tubes probably made by small arthropods, (2) larger (5-10
cn) vertical, cylindrical tubes simlar to Ootavina or crayfish
burrows, and (3) very large (15-40 cm across) roughly cylindrica
burrows and conpound burrows, of unknown origin.

The Metropolis contains thin intervals of well sorted, clean
sand and gravel that show lamnation and bedding. Gavels have
erosi onal bases and define the bottons of fining-upward sequences.

One of the few large outcrops, on a gullied hillside near the Cook
Coal Term nal between Joppa and Metropolis, showed faint sets of

inclined (10-20°) concave-upward bed sets that truncate one
anot her. These probably represent lateral accretion sets that
devel oped on the point bars of small, meandering stream channel s.
Gavel in the Metropolis is predomnantly chert but includes
small rounded quartz pebbles and granules, as in the Munds. A
smal | proportion of pebbles at nost sites have the bronze, glossy
finish typical of the Munds G avel. The majority of pebbles in
the Metropolis are bleached to gray or off-white and have worn
pitted surfaces. Exanples of broken pieces of well-rounded pebbles
bearing Muunds patina (nore or |less abraded) are fairly common.
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t he obvious conclusion is that gravel in the Metropolis was reworkd
fromthe Mounds. Evidently, the geochem cal conditions that forned
bronze patina on Munds pebbles no |longer were operative during
deposition of the Metropolis.

The principal deposits of Metropolis overlie the "l ow Munds
Gavel” in its broad paleovalley along the Chio R ver. In this
area the Metropolis varies in thickness from 5 to 24 m Its
contact to the Munds has not been observed on outcrop, and
borehol e data are not adequate to determ ne whether it is sharp or
gradati onal . The wupper surface of the Metropolis, nantled by
loess, forns a broad, level to gently sloping surface that
Al exander and Prior (1968) called the Mtropolis terrace. Thi s
terrace is nobst noticeable in southern WMassac County between
Metropolis and Joppa, where the top of the terrace is at 360 to 390
feet (110 to 120 n) above sea | evel.

The Metropolis formation also extends north of the |ow Munds
pal eoval | ey al ong nodern Massac and Barnes Creeks (Figs. 4, 5).
Here the Metropolis occurs as eroded terrace segnents al ong one or
both valley walls. The upper surface of the terrace rises
gradually from 390 feet (120 m along |lower Massac Creek to 470
feet (143 m) on upper Barnes Creek. Except where it is downthrown
into grabens, the Metropolis is rarely thicker than 6 to 8 m al ong
Massac and Barnes Creek. These two streans have unusual ly broad

flat bottomands and may be classified as underfit. Evidently
Barnes and Massac COreeks, unlike nost snall streans in the area
are of Illinoian and ol der vintage.

To date no direct absolute or biostratigraphic dating of the
Metropolis formati on has been acconplished. The Metropolis has the
Sanganon CGeosol devel oped at the top and is overlain in turn by the
Lovel and, Roxana, and Peoria Silts (loesses). The Loveland is thin
and discontinuous; where present, the Sanganon Geosol penetrates
both Loveland and uppernbost Metropolis. Strongly devel oped
pal eosols remniscent of the Yarnouth Geosol (pre-Illinoian) are
devel oped within the Metropolis. The Metropolis overlies what is
presumably the youngest Munds Gavel having an inferred early
Pl ei stocene age, as nentioned above. In the Waver core the
Metropolis overlies Massac formation that |acks Munds-type chert
pebbles and contains pollen of Pliocene to possible early
Pl ei stocene age. These relationships indicate that the Metropolis
is entirely Pleistocene and probably spans the Illinoian and ol der
st ages.

To summarize, the Metropolis formation is interpreted as
fluvial sedinment that was deposited during early to mddle
(I'l'l'inoi an and ol der) Pleistocene time. The streans that deposited
this unit were probably small, sluggish, and sinuous to neanderi ng.
Deposition was slow, intermttent, and marked by prol onged epi sodes
of bioturbation, weathering, and pedogenesis. The nmain drai nage
system was inherited fromthe "low Munds river" near the present
Chio; Metropolis sedinent also accunulated along tributaries to
t hi s drai nage.

Equal ity Formation
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The Equality Formation is a unit of domnantly mnassive to
lamnated silt and clay with mnor sand and gravel, and it is of
Wsconsinan (Late Pl eistocene) to early Hol ocene age. The Equality
is wdespread across Illinois and neighboring states, and is
largely attributed to | acustrine environnents.

In the report area the Equality Formation consists nmainly of
dark brownish to bluish gray, partly lamnated clay and silt that
contains large anounts of plant matter. Mnor anounts of silt and
chert gravel (reworked from ol der formations) occur at the base of
the formation. The Equality occupies | ow ands near the Chio River
east of Metropolis, and extends partway up the valleys of Massac
Creek and other tributaries (Figs. 4, 5. W have not observed it
above an elevation of 350 feet (110 m) in the study area.

The Equality was mapped as "Lacustrine deposits" near Paducah,
Kentucky by Finch (1966 and 1967). These sedinents are attributed
to an ancient |ake called Lake Paducah (Finch et al., 1964), which
existed along what is now the Chio R ver during the Wsconsinan
Epoch. A radiocarbon age of about 21,000 years B.P. was obtained
from nollusc shells 7.6 to 9.1 m below the top of the Equality
Formation near Paducah (Qive, 1966). The pal eo-shoreline of Lake
Paducah is well marked by sand and gravel bars or spits at the
mout hs of many tributaries at about 355 ft (108.5 n) elevation in
Kentucky (Finch et al., 1964; dive, 1966). W mapped simlar sand
and gravel bars in Illinois at the sane elevation, allowing us to
conpile the shoreline of Lake Paducah for both Kentucky and
Illinois (Fig. 4).

Silt and clay that contain abundant, well-preserved plant
material are exposed in the banks of Massac Ceek north of
Met ropol i s. These sedinents include both Equality Formation and
younger, Hol ocene alluvium Fossil wood from elevation 355 ft. or
108.5 m al ong Massac Creek yielded a radi ocarbon age of 10,260 £ 70
years B.P. Anot her sanple from the junction of Md and Massac
Creeks at elevation 315 feet yielded a radiocarbon age of 2,660
90 years B.P. Fine-grained alluvial sedinments and Equality
For mati on are l'ithol ogically simlar and not readily
di sti ngui shabl e.

Viewng the map of Lake Paducah (Fig. 4), note that the
shoreline largely parallels the limt of the Mtropolis formation
at slightly lower elevation. Evidently the |lake fornmed in the sane
valley where Ilow Munds G avel and Metropolis formations
accumul ated. The west end of the lake is sharply cut off on a line
running NNE through the city of Metropolis. Wat dammed the valley
in such a fashion? Fisk (1944, Plate 20) noted this geonorphic
anonmaly and labelled it "Mtropolis Gp". Fi sk envi si oned
Metropolis Gap as a divide that separated a west-flowing stream
west of Metropolis from an east-flowing stream that joined the
Tennessee and Cunberland Rivers, which at that tine flowed into the
Cache valley. Qur mapping shows that "Metropolis Gap" and the west
end of Lake Paducah cl osely foll ow mapped and proj ected segnents of
the Hobbs Creek and Barnes Creek Fault Zones. Dd uplift along
these faults create Lake Paducah?
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To date we have observed no tectonic deformation of the
Equal ity Formation. Many outcrops of undeforned Equality occur
along Massac Creek, in line with the Barnes CGreek Fault Zone and
Massac Creek graben.

Loess

Loess in the Mssissippi Valley is conpact, nassive silt
interpreted as aeolian dust derived largely from large river
valleys during Pleistocene interglacial episodes. Nearly al
upl and surfaces in the report area are mantled in | oess.

Three | oess units of regional extent occur in the report area:
the Loveland (oldest), Roxana, and Peoria Silts (Fig. 3). In
addition, silts that nmay be ol der | oesses underlie the Loveland in
pl aces. These older silts, however, have not been named or napped
in southern Illinois.

The Loveland Silt, of late Illinoian age, is typically a
strongly nottled, clay-rich silt in shades of gray, yellow and
or ange. Much of the character of the Loveland results from
pedogeni ¢ overprinting by the Sanganon GCeosol. Di stingui shing

Lovel and from upper, silty phases of the Mtropolis formation can
be difficult. The Loveland is discontinuous in the report area and
generally less than 1.0 mthick

The Roxana Silt of md-Wsconsinan age normally is a slightly

sandy silt that is nedium brow to reddish brown. The weakly
devel oped Farndal e Geosol overprints the Roxana. Di sti ngui shing
the Roxana from the overlying Peoria Silt can be difficult. The

Roxana is w despread, but not ubiquitous, ranging up to at least 2
mthick in Massac County.

The youngest loess is the Peoria Silt. Present al nost
everywhere, the Peoria is typically 2 to 3 mthick and lightly
nottled in shades of light yellow sh gray to yellow sh brown. The
nodern soil is developed in the Peoria, which (with |oca
exceptions) is the youngest natural geologic unit found in upland
settings.

Lovel and, Roxana and Peoria |oesses provide a recognizable
stratigraphic framework that can be used to date neotectonic
features in upland settings. Al loess is susceptible to dating
via thernolum nescence; the Peoria and Roxana are well within the
range of radi ocarbon dating. During this study we sought trenching
sites where Neogene faults pass under, or through | oess deposits.
Only one such site (Kelley railroad cut) was identified this year
and subjected to intensive study.

Al |l uvi um

Al luvium occurs along all streans in the region and includes
the youngest naturally occuring sedinments. The thickest and nost
extensive deposits are in the Chio R ver floodplain and the Cache
Valley (Fig. 4). W made no effort to subdivide or catergorize
al l uvium except where it overlies faulted Neogene strat a.

Alluvium is well exposed overlying faulted Metropolis



12

formation and older units along the banks of Barnes C eek. Thi s
alluvium generally is 2 to 3 mthick and consists of chert gravel
at the base grading upward through sand to silt that resenbles
| oess at the top. These sedinents are distinctly stratified and
exhi bit crossbedding and inbrication of gravel clasts. I n nost
cases the entire alluvial sequence is horizontal and undeforned,
truncating faulted and folded ol der strata wth angul ar
unconformty. A few exanples were found of small grabens (1 m or
less deep and wde) in which basal alluvial gravels were
downdr opped. These grabens are truncated by undi sturbed younger
gravel s and sands. More discussion of grabens that displace
al luvium are presented under the heading Barnes Creek Fault Zone.

STRUCTURAL CGEOLOGY
Rock Creek G aben

The Rock Creek Graben is one of the major grabens of the FAFC
It trends NE-SW displacing Pal eozoic bedrock from Union County,

Kentucky on the northeast to Massac County, Illinois on the
southwest. In Massac County the fault zone enters the M ssissippi
Enbaynment; its extent here is poorly known due to scarcity of

surface exposures and subsurface data.

Previously we observed outcrops of folded and faulted MNairy
Formation in line with part of the Rock Creek Gaben in eastern
Massac County. W also noted clay-lined fractures or clay veins in
exposures of the Munds Gavel close to the graben. These
exposures indicated definite post-Cretaceous and possible Pliocene
or younger tectonic activity within the Rock Creek G aben (Nelson
et al., 1996 and 1997).

In June, 1997 we revisited a segnent of Mallard Ceek (NEY4
SW4 Sec. 20, T15S, R6E, Mssac County, Paducah NE quadrangle)
where we previously had seen deformed MNairy Formation. Heavy
rains the preceding winter deeply eroded several cutbanks of
Mallard Creek and revealed a fault zone not previously visible.
This fault exposure, further inproved using a backhoe, yields the
first definitive evidence for Quaternary tectonic deformation
within the Rock Creek G aben.

The backhoe exposure shows a conpl ex zone of high-angle faults
approximately 8 mwi de affecting McNairy and sone younger sedinments

(Fig. 6). The zone includes several faults that strike NLO°E to
N35°E (subparallel with the graben) but also tow faults that strike
N55°W (perpendicular to the graben). Most faults displace the

McNairy and are truncated at the base of overlying Quaternary
gravel .

Near the west end of the bank a fault that trends NLO°E 90°
j uxtaposes MMNairy on the east with Metropolis formation on the

west . The Metropolis is strongly nottled and burrowed, gray to
yell ow sh orange silty sand that contains scattered chert pebbles
reworked fromthe Munds Gavel. Vertical separation on the base

of the Metropolis is a mninumof 1 m Metropolis is mssing from
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the upthrown, eastern bl ock. A younger gravel (Q2 in Fig. 6)

truncates the fault. Gavel Q@2 is strongly nottled and deeply
weat hered and conposed of reworked Mounds chert pebbles in a clay-
rich matrix. The paleosol features of (2 are typical of the

Sanganon Ceosol .
Near the mddle of the backhoe cut, gravel Q@2 is itself
downthrown into a graben roughly 1 mwde, 1 m deep, and trending

N30°E. The top of Q@2 and the younger units Ql and s are not
of f set.

In order to test the possibility that Ilarger, concealed
grabens containing Quaternary sedinment occur along Millard Ceek
(as at Barnes Oreek), we drilled several test holes along the south
bank of the creek. Al of these holes encountered MNMNairy
i mredi ately underlying Hol ocene silt and gravel, thereby negating
presence of |arge Quaternary offsets.

The Mallard Creek exposure docunments at |east two epi sodes of
fault novenent. Most of the displacenent is post-Cretaceous but
pre- Sanganoni an, as evidenced by lack of displacenent of gravel
Q2. The graben near the mddle of the cut displaces the Sanganon
Ceosol but not the overlying, presumably Hol ocene gravel and silt.

The | ast fault novenment at Mallard Oreek, therefore, probably took
pl ace during the Wsconsi nan Epoch.

The Kkinematic setting of Millard Ceek exposure is poorly
known because, as usual, no slip indicators could be found. The
presence of near-vertical faults of diverse trend, outlining tilted
bl ocks of inconsistent attitude, points to a significant conponent
of strike slip.

Barnes Creek Fault Zone

The Barnes Creek Fault Zone is part of the FAFC, southeast of
and parallel with the Hobbs Creek Fault Zone. The Barnes Creek is
mapped in Pal eozoi ¢ bedrock from western Hardin County across Pope
County (Fig. 2). Entering Massac County, the fault zone displ aces
the MMNairy Formation and younger wunits in the M ssissipp
Enbaynent . Seismc data (Sexton et al., 1996) indicate faults
offsetting MNMNairy extend directly into Paleozoic bedrock.
Streanbank exposures along Barnes Oeek and Mssac Oeek showed
wi despread faulting of the McNairy and small (1-2 n) displacenents
of the Metropolis formation. Hol ocene sedinents are not affected
(Nelson et al., 1996, 1997).

Drilling in 1997 showed that Pleistocene offsets along the
Barnes Creek Fault Zone are nuch |arger than previously suspected.
W drilled into three grabens in which the Metropolis formation is
downthrown 10 to nore than 30 m Stratigraphic information from
drilling also provides closer constraints on timng of fault

novenent .

West erman graben. The largest and easternnost graben al ong Barnes
Ceek is naned the Wsterman graben after |andowner Ceci
Westerman. The graben is exposed in the bed of Barnes CGreek in the
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SEYa NEY2 SEY4 Sec. 9, T15S, R5E, WMassac County, Metropolis 7.5-
m nut e quadr angl e.

Torrential rains during the winter of 1996-97 deeply eroded
the streanbed and reveal ed many structures previously conceal ed by
nodern gravel . W hired a backhoe operator to inprove the

exposures further. Trenching showed a graben trending N35°E and
about 75 m wi de, containing gravel and diamcton of the Metropolis
formati on juxtaposed against McNairy Formation on both sides (Fig.
7). On the southeast margin of the structure is about 0.9 m of
silty to sandy clay that contains small white, pink and gray chert
pebbles. This material may be Massac formation (late Tertiary); it
overlies the McNairy and is overlain by Metropolis diamcton. The
McNairy dips steeply inward on both flanks and is offset by smaller
faul ts. Al structures are truncated by undisturbed, horizonta
Hol ocene sedi nents.

Geoprobe borehole # BGC7 was drilled to a depth of 104 feet
(31.7 m along the centerline of the graben on the north bank of
Barnes Creek. The follow ng strata were penetrated:

0 to 2.3 mHol ocene silt, grading down to fine sand
2.3t0 3.8 m Hol ocene or late Pleistocene silty chert gravel and
di am cton

Metropolis formation
3.8to0 7.9 m Pebbly silt and sand, diamcton wth reworked
Mounds  chert pebbl es, nostly  nassi ve; wher e

di scernabl e beddi ng di ps 30° or steeper.
7.9to 11.1 m Sand, with small gray chert pebbles (no patina).
11.1 to 13.1 m Silt, dark brown, abundant plant nmatter; bedding
di ps 40- 45e.
13.1to 15.1 m Sand, with gray chert pebbl es.
15.1 to 31.7 m Pebbly silt, sand, diamcton, and gravel, wth

rewor ked Mounds chert pebbles. Bedding dips 45-50°
in upper part, possible near-vertical bedding near
bott om of hol e.

Sand and silt at 7.9 to 15.1 mwere initially interpreted on
the basis of lithology as Massac formation (late Mocene to early
Pl ei stocene). Thus the cross section (Fig. 7) was drawn showi ng a
slice of Massac formation overlying a reverse fault that repeats
the Metropolis formation in borehole # BGC7. However, fossi
pollen from silt at about 12 m depth in #BC 7 yielded probable
Quaternary age (Norman Frederiksen, USGS, letter dated 2/6/98).
This information indicates that the silt is probably part of the
Metropolis formation, and not the older Massac formation, as shown
in Fig. 7.

Paral l el normal and reverse faults in the sane structure argue
for either a |arge conponent of strike slip or (less likely) two or
nmore epi sodes of faulting under different stress fields.

The Westerman graben does not deform the Hol ocene fl oodplain
sediment along Barnes O eek. Considering that the Metropolis
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formation is pre-Sanganoni an, the |ast novenent of the graben was
no younger than W sconsi nan.

Fault "H'. A structure we call fault "H' is exposed al ong Barnes
Creek 120 m west of the Westernman graben. Fault "H' strikes N35°E,

parallel wth the Wsterman graben, and dips 50°NW MeNai ry
Formation in the hanging wall northwest of the fault is horizontal

(Fig. 8). In the footwall MNairy dips 40-50° southeast and is
sharply overlain by gray gravel and silt having a simlar attitude.
The gravel/silt wunit is largely light gray, weakly |amnated
argillaceous silt that contains scattered well-rounded white to
gray quartz and chert granules. The basal 0.6 mis largely sand
and gravel, also conposed of white to gray chert and quartz
pebbl es. None of the pebbles show a trace of bronze Munds patina.
No fossils were found; black-stained silt proved to be inorganic
and barren of spores or pollen. The gray silt/gravel wunit is
lithologically simlar to the Massac formation.

Streanbed exposeures and shallow boreholes show that the
Massac(?) formation east of fault "H' is folded into a syncline
havi ng steep northwest and gentle southeast flanks (Fig. 9). Fault
"H' is interpreted as a high-angle reverse fault, bringing MNairy
on the northwest up and over Massac(?) formation. This fault
possibly is part of a positive flower structure associated with
strike-slip faulting at depth.

Hori zontal Quaternary gravel truncates the upturned MNairy
and Massac(?) strata along fault "H' (Figs. 8 and 9). The dull
browni sh gray gravel |acks the bright colors, strong nottling and
weat hering features associated with the Mtropolis formation and
Sanganon CGeosol. This gravel therefore may be Wsconsi nhan, or even
Hol ocene. A thin layer of this gravel is downdropped along the
fault surface, sandwi ched by MNairy Fornmation. Al so, a narrow
vein or fissure filled wth gray clay extends upward through the
gravel (Fig. 8). There appears to be a slight normal offset
(northwest side down 5 to 10 cm) in the upper part of the gravel.
The fault and clay vein termnate at the base of |oose fine sand
that is undoubtedly Hol ocene.

Fault "H' apparently underwent a | arge reverse displacenent in
late Tertiary or Pleistocene tine, followed by a mnor episode of
extension and normal novenent. The tinme of last novenent is not
known, but appears to be post-Sanganoni an and nay be Hol ocene.

Terrace graben. The terrace graben is the only structure near
Barnes Creek that has obvious effect on topography, offsetting a
Pl ei stocene fluvial terrace north of the creek. The graben is

about 400 m northwest of the Westerman graben and has a subparall el

trend of N5O°E.
As exposed along the creek, the terrace graben appears to be a

hal f-graben having the main fault on the northwest side. Thi s
fault is a steeply dipping normal fault that juxtaposes Metropolis
formation on the southeast with MMNairy on the northwest. The

downthrown block is less than 100 m wide and is folded into an
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assynetrical syncline, having a steep northwest flank and gentle
sout heast one. The anount of displacenent is not known, but
appears to be less than 10 neters.

North of Barnes COreek a marshy swale is in line with the
terrace graben (Fig. 10). The swale is about 100 mw de and trends
NE- SW East of the swale the Wsterman farm buildings stand on a
promnent terrace at 430-435 feet (131-133 n) elevation. West of
the swale is a low terrace segnent at about 415 feet (126.5 m
el evation. The swale is at about 405 feet (123.5 n) el evation, and
it islevel wwth the wi de floodplain of Barnes Creek.

W explored terrace stratigraphy with a nunber of hand-auger
borings and three Geoprobe cored test holes. Results of the
Ceoprobe borings are as foll ows:

Borehol e BC-6, on high terrace sout heast of graben

0to 1.8 m Peoria Silt, with nodern soi
1.8to 2.7 m Roxana Silt
2.7 to 4.1m Loveland Silt? sandy silt is strongly nottled in

yell ow sh brown to orange, and contains scattered
chert granules. This nmay be Metropolis formation.
4.1 t05.8m Metropolis formation, sandy and pebbly clay,
strongly nottled as above, reworked Munds chert
pebbl es comon.
5.8 to 7.3 m McNai ry Formation, gray to orange, |am nated, fine-
grai ned m caceous sand.

Borehole BG4, on |ow terrace northwest of graben

O0to 3.0 mSilt, probably Peoria and Roxana

3.0to 5.2 m Metropolis formation, strongly nottled pebbly silt
in the upper part grades to coasre sand and grave
at the base.

5,2 to 5.5 m McNairy Formation, interlamnated light gray to
yell om sh gray m caceous silt and sand.

Borehole BCG5, in swale within graben

Oto 2.9 mAlluvium brown silt at the top grades downward through
orange to brown sand with scattered pebbles, to 0.6
m of chert gravel at base.

2.9to0 21.6 m Metropolis formati on, mul tiple fini ng-upward
sequences of silt, sand, and gravel each 0.6 to 3 m
thick; gravel is reworked Munds chert.

21.6 to 21.8m MNairy Formation, interlamnated light gray silt
and sand are very mcaceous, and the bedding
steeply inclined.

The base of the Metropolis formation is downthrown about 18 m
in the swale relative to the terrace segnents on both sides. The
Metropolis in the graben is nore gravelly than usual, and the
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nunmer ous upward-fining sequences are striking. They suggest that
the graben subsided intermttently during deposition of the
Met r opol i s. After each episode of subsidence, the resulting
depression was filled by stream sedi nents.

The final episode of novenment here plainly took place after
deposition of the youngest part of the Metropolis formation. O
the high terrace the Metropolis is overlain by the Loveland Silt,

within which the Sanganon Geosol is devel oped. This evidence
i ndi cates that the youngest Metropolis sedinent is no younger than
late Illinoian age. Unanswered is whether any displacenent took

pl ace during, or after deposition of one or nore | oesses. No |oess
was found in the GCeoprobe borehole drilled into the graben.
Additional drilling or trenching may allow us to determ ne whet her
Lovel and or younger |oesses are deformed in this structure. The
bottom and setting and high water table are not favorable for a
deep trench.

Pi pel i ne graben. A third deep graben containing Metropolis
formation was identified along Barnes Oreek near a gas pipeline
(Fig. 11). The structure exposed in the streanbed is about 90 m

wi de; both bounding faults strike about NLO°W The western

boundary fault is a high-angle reverse fault (dip about 75°) that
di spl aces |amnated sand of the MNairy on the western, upthrown
side against burrowed, red silty sand of the Metropolis formation
on the east (Fig. 12). Bedding of the McNairy dips steeply east
adjacent to the fault, exhibiting normal drag. The eastern
boundary fault is poorly exposed, but dips nearly vertically.
McNairy east of this fault is folded into an asynetrical syncline
(Fig. 11), which is not consistent wwth drag folding from down-to-
t he- west di spl acenent .

Three CGeoprobe boreholes were drilled to determ ne the anount
of displ acenent. Holes BC-1 and BGCG2 were drilled within the
graben and hole BC-3 east of the graben (Fig. 11). Drilling
indicates that the Metropolis formation in the graben is downthrown
at least 10 m

Near the east margin of the pipeline graben, a smaller graben

that strikes MNO°W and is about 1 m wide is exposed in the
streanbed. The snmall graben displaces brown gravel at the base of
alluvium that overlies the Mtropolis formation with an angul ar
unconformty (Fig. 13). Basal alluvial gravel also is slightly
of fset along the eastern boundary fault of the pipeline structure.
Younger |ayers of alluvial gravel and silt truncate all faults,
and are not defornmed. Age relationships of the alluviumare poorly
constrained, but the exposures point to fault novenent during
W sconsi nan or, possibly, early Hol ocene tine.

The pipeline graben differs in trend fromnost faults in the
Barnes COreek Fault Zone. This graben nmay be a cross-fault that
connects larger, northeast-striking faults within the zone. Qher
Neogene faults in Massac County, including those near Round Knob
and in the Kelley railroad cut, have simlar NNW trend. The
juxtaposition of subparallel conpressional (reverse fault) and
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extensi onal (graben) features, plus the "wong-way" drag in MNairy
east of the graben, inply that the pipeline graben has a conponent
of strike-slip.

Another interesting feature is the mniature graben between
the terrace and pipeline grabens. The mniature graben strikes
northeast and contains alluvial silt and gravel downthrown into
McNairy Formation (Fig. 14). The McNairy is nearly horizontal and
shows no offset across the graben. G avel within the graben is
downt hrown nore than 1 m and contains soil features typical of the

Sanganon CGeosol. Because McNairy outside the graben | acks Sanganon
features, we infer that fault novenment was post-Sanganonian (i.e.
Wsconsinan to early Hol ocene). A dark brown gravel, probably

Hol ocene, truncates the mniature graben (Fig. 14).
Massac Creek graben, revisited

A Neogene graben of substantial displacenent was identified
near Massac Oreek in northern Massac County (Nelson et al., 1996
and 1997). Existence of this structure, previously suspected from
outcrop and water-well data, was confirned by a 92-neter-deep,
continuously cored borehole (I1SGS #R-1 Waver) drilled in 1995
The Massac Oreek graben is part of the Hobbs Creek Fault Zone,
which in turn is part of the D xon Springs Gaben within the FAFC
(Fig. 2).

W originally interpreted the strata from# R 1 Waver as: 0
to 4.5 m Hol ocene alluvium 4.5 to 33 m Mounds G avel, and 33 to 92
m of Massac formation. Fossil pollen from the Massac formation
indicated an age between |ate Mocene and early Pleistocene -
equivalent to no previously known unit in the northern M ssissipp
Enbaynent. Neogene sedinents within the graben are juxtaposed with
McNai ry Formation and Pal eozoi ¢ bedrock outside the graben (Nelson
et al., 1996 and 1997).

W re-examned the #R-1 Weaver core in 1997, after drilled at
Barnes Creek showed thick sections of Metropolis formations in
several grabens. On the basis of this study we re-interpreted the
interval from 4.5 to 33 m as Metropolis formation rather than
Mounds Gavel (Fig. 15). The interval consists of silty sand and
sandy silt, interbedded with pebbly diamcton and coarse sand and
gravel. Colors are brightly nottled in yellows, oranges, reds, and
grays. Although a few chert pebbles bear the Munds bronze pati na,
nost are worn, pitted, and bl eached. Lamnation is poorly evident;
where present it is steeply dipping, contorted, and sheared. These
l'ithol ogies are characteristic of the Metropolis formation.

The Massac formation in # R 1 Waver contains rare, well-
rounded white to dark gray quartz and chert granules. These
granules are simlar to those found in Eocene units of the northern
M ssi ssi ppi  Enbaynment, and unlike the larger, brown, glossy chert
pebbl es that conpose the Munds G avel. (Such pebbles, albeit
bl eached and worn, are a major constituent of the Metropolis
formation). The absence of pebbles derived fromthe Munds inplies
that the Massac formation is older than the Mounds G avel .

I dentifying the upper unit as Metropolis, not Munds shifts
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fault novenent from probable Pleistocene to definite Pleistocene.
More precise dating of fault novenent is not available now A
sanple of dark gray clay from the upper part of the Mtropolis
section at a depth of 6.5 neters was exam ned by Nornan Frederi ksen
of the USGS, who reported the sanple to be barren of spores and
pol | en.

Further clues as to the structure of the graben are provided
by the log of the water well at the James Waver residence,
approximately 100 m west of the site of # R 1 Waver. The wat er
well was drilled by Paul Horman of Metropolis, whose logs are
generally reliable. "Red gravel" at a depth of 240 to 302 feet (73
to 92 n) is likely to be Munds, unlikely to be either Metropolis
or McNairy Formation. The cross section (Fig. 15) shows a possible
configuration of the Massac O eek graben.

The Massac Creek structure is currently our nost spectacul ar
exanple of a Neogene graben. The nmagnitude of Pleistocene
di splacenent is equalled only by the Wsternman graben at Barnes
Creek, and Massac Creek contains at least 60 m of a Neogene unit

(Massac formation) previously unknown in the region. Thi s
structure is slated for further study, including high-resolution
seismc profile(s) and additional drilling, under our current NEHRP

grant (Award No. 1434-HQ 97- GR- 03195).
Round Knob Area

Faults that displace units as young as Pleistocene were
identified near the village of Round Knob (Fig. 2) during this
mappi ng season. The principal exposures are in a cut along the
II'linois Central Railroad, which runs north-south through the
center of the N“ of Sec. 11, T15S, R4E, Massac County, Metropolis
7.5-m nut e quadrangl e.

A fault that strikes NW or NNW is inferred to cross the
railroad near the north side of Section 11 (Figs. 2, 16). The
fault juxtaposes white, clay-rich lamnated sand of the MMNairy
Formation on the southwest against coarser orange sand of the

McNairy on the northeast. McNairy strata on both sides of the
fault dip east at 15° to 30e. The fault surface is conceal ed by
sl ope wash.

Tilted Metropolis formation overlying McNairy is visible in a
deep gully east of the tracks on the northeast side of the fault.
Bedding of MNairy and Metropolis are approxinmately parallel,

striking NNW and di ppi ng about 20°ENE, into the hillside. Such a
di p suggests a rotational |andslide block. However, the top of the
railroad cut is level, wth no sign of a slunp; and mature tree
trunks on the steep slope have vertical trunks. Al so, a landslide
after railroad construction could not account for the Metropolis
overlying different facies of the McNairy on opposite sides of the
tracks. Therefore, we conclude that the structure probably is
tectonic.

Southward along the railroad are nunerous small exposures of
McNai ry, Munds Gavel, and Metropolis formation. El evati ons of
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contacts vary in short distances, and locally bedding in Munds and

Metropolis is tilted at 10-15e. Exposures are too fragnentary to
define the trend and di spl acenent of any faults.

A deep qully just north of the overpass of Seilbeck Road on
the east side of the tracks (SWi SWi NEY Sec. 11, GI15S, R4E)
reveal s an unusual successi on:

TOP - sl ope wash and vegetation

0.9 mRoxana Silt

0.6 mLoveland Silt, wth Sanganon Ceosol

0.3 mCol | uvium quartz and chert pebbles mxed with silt.

2.4 mvetropolis formation, diamcton grading dowmward to sand and
gravel, strongly nottled in red, yellow, and gray,
gravel of reworked Munds chert pebbles to 10 cm across,

beddi ng attitude Nb5°E/10-13° SE; planar vertical clay-

lined joints nostly strike NS to N15°W  Lower contact
conceal ed.

£1.0 m Cover ed

0.6 mPorters Creek Cday (Paleocene), light olive gray, stiff,
massive to weakly lamnated, slightly silty, conchoi dal
fracture.

0.8 md ayton Formation (Pal eocene), very sandy clay is olive to
greenish gray, highly glauconitic, burrowed, blocky to
weakl y | am nat ed.

1.1+ m McNai ry Formation, sand with clay |am nae, mcaceous, no
gl auconi te.

This is the only place in Massac County where the Porters
Creek CGay or dayton Formation are known. The Mounds- McNai ry
contact is 10 to 20 m higher in nearby hills and no d ayton,

Porters Creek or Metropolis are present. The gully may occupy a
graben that subsided both before and after deposition of the Munds
G avel . In pre-Munds tinme the Gayton and Porters Creek were
downdr opped and preserved (Fig. 16). Thus, these two nmarine
formations nust have originally extended north of their present
outcrop Ilimts. Subsequently the Iland surface was eroded,
Metropolis formation deposited on top of Porters COeek, and the
graben sank again, tilting and fracturing the Metropolis. The

faults that presumably bound the inferred graben, unfortunately,
are not visible, and the trend of the graben is not known.

Raum Faul t Zone

The Raum Fault Zone is about 5 km sout heast of the Lusk Creek
Fault Zone and runs parallel wth the latter (Fig. 2). The
northeast part of the Raum in Pope County is conposed nmainly of
nort heast-dipping faults that apparently nerge with the Lusk O eek
at depth (Bertagne and Leising, 1991; Wibel et al., 1993). The
Raum wi dens and becones nore conpl ex toward the sout hwest in Massac
County (Nelson, 1996). Post-Cretaceous displacenent is docunented
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at Reineking HIIl, where MMNairy Formation is downthrown into a
narrow graben bordered by M ssissippian sandstone (Nelson et al.,
1996 and 1997).

Choat area. A sout hwest extension of the Raum Fault Zone was
mapped this season near the fornmer village of Choat, about 9 km

nort hwest of Metropolis. The fault zone trends about N35°E and is
in line with the Reineking HIIl graben nentioned above. The
Mounds- McNairy contact is offset and tilted; clay-lined joints and
smal|l faults were observed in these units in gravel pits northeast
of Choat and in borrow pits near the former Metropolis city
landfill. Sharply linear ridges and ravines parallel the fault
trend across a distance of 5 km from the Chio River. Toget her,
these features inply a fault zone of horsts and grabens, bounded by
hi gh-angl e faults and at | east several hundred neters in wdth.
Faulted Metropolis formation is exposed in a streanbank al ong
a NNE-trending linear ravine near the Chio R ver (NWi NEY2 SEY; Sec.
19, T15S, R4E, Joppa 7.5-m nute quadrangle). Two parallel faults

that strike N25°E/ 80-85°NW outline a block of sandy silt about 40
cm wi de, juxtaposed with gravel on both sides (Fig. 17). d ay-
lined fractures are parallel wth the faults. Al though the
direction and anmount of slip could not be determned, this feature
resenbles snmall grabens in the Barnes Ceek Fault Zone. As at
Barnes Oeek, the structure here is truncated by horizontal,
undi st ur bed Hol ocene al | uvi um

Evidence for a larger graben is given by two well records near
Choat (Fig. 18). The log of a water well at the Melferd Krueger
resi dence (SWiu SWi2 NW4 Sec. 17, T15S, RAE) reads as foll ows:

Oto 30 ft (0Oto 9.1 m d ay

30 to 60 ft (9.1to 18.3 m Sandy cl ay

60 to 80 ft (18.3 to 24.4 G avel

80 to 150 ft (24.4 to 46 m Fi ne sand/ soapst one

150 to 380 ft (46 to 116 m Gay clay/fine white sand
380 to 400 ft (116 to 122 n) G avel

The well did not reach Pal eozoi c bedrock, which nmust Iie bel ow
122 m depth or -6m el evation below sea level. This conpares with
bedrock top at +60 to +75m in several nearby wells. The bedrock
surface (base of Cetaceous) therefore is downthrown a m ni mum of
65 neters.

In 1997 we drilled a Geoprobe boring close to the Krueger
water well. The follow ng strata were cored:

0to 1.8 m Peoria Silt (loess), wth nodern soil

1.8to 3.6 m Roxana Silt

3.6 to 4.8 m Lovel and Silt, w th Sanganon CGeosol

4.8t0 6.1 m Metropolis formation or colluvium silty sand with

lay matrix and reworked Mounds chert gravel

m Unidentified unit; brightly variegated, nmedium to
coarse quartzose sand with no mca or pebbles,

c
6.1 to 14.3
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silty matrix, weakly indurated, |[amnation dips 20°
to 40°. Drilling halted at 14.3 mdue to refusal

The wunnanmed sand is definitely not Munds or MNairy. I t
could be WIcox (Eocene), a younger Tertiary wunit, or even
Pl ei st ocene. The sand is thoroughly oxidized and no fossils or
organic matter were observed. Ve interpret a narrow NNE-trending
graben, in which Tertiary and Metropolis strata are downdropped and
pr eserved.

In summary, the Choat segnent of the Raum Fault Zone di spl aces
the Mounds Gravel and, at least locally, the Metropolis Formation

The Choat graben has undergone at |east 65 m of post-Cetaceous
vertical offset.

Additional studies, including seismc reflection, georadar,
and core drilling, are planned for the Choat structure.

Al t enberger fault

An apparent post-Pliocene fault that |inks the Raum and Lusk
Creek Fault Zones has been nmapped in the Joppa 7.5-mnute
guadr angl e. The structure, named Al tenberger fault after a |oca

| andowner, strikes N25°Wand thus is nearly perpendi cular with Lusk
Creek and Raum fault zones. The Al tenberger fault extends from
about 1/2 kmnorth of Choat to 1 km northeast of Maple G ove Schoo
(Fig. 2).

Water-wel |l records and a few outcrops provide the evidence for
this structure. The top of Paleozoic |linmestone is about 21 m | ower
south of the inferred fault than to the north. The Munds- MNairy
contact also is about 12 to 20 mlower south of the inferred fault.

In the area of closest control, the contact descends 12 to 15 min
a horizontal distance of about 150 m

The Al tenberger feature nmay not be a tectonic fault. It could
be a linear pal eochannel in the Mounds Gravel. That hypothesis can
be tested by shallow drilling. If an abrupt offset is detected
trenching can be conducted to expose the structure.

Kelley site
During geologic mapping (ISGS funded) in WMarch, 1997 we

observed Mounds Gravel in a railroad cut about 4 km NNE of Joppa
IIlinois (near center EY Sec. 1, T15S, R3E, Massac County, Joppa

7.5-m nute quadrangle). This observation was surprising because
t he Mounds-MNairy contact is 30 mhigher in elevation at a gravel
pit about 500 m south of the railroad. Further investigation

reveal ed that Mounds Gavel is confined to the central part of the
cut, and flanked on both sides by McNairy strata that dip steeply
i nward. Recogni zi ng anot her possi bl e graben, we focused efforts on
the site.

The Kelley cut was constructed in 1994 for a railroad spur
that delivers coal to a nearby electrical generating station. (The
nane "Kelley" is taken from a signboard at a switch within the
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cut). The cut bisects a small hill that is elliptical in map view
and rises about 25 m above the adjacent Cache Valley bottons. Wen
visited in 1997, both sides of the cut supported thick growh of
grass except in small gullies or wash-outs that reveal ed disturbed
Mounds and McNairy.

El ectric Energy, Inc. provided us with engineering diagrans,
including logs of borings nmade prior to building the railroad.
These provi ded useful geol ogi ¢ background, but shed no light on the
nature of the Kelley anomaly. Phot ographs taken during
construction do not show the Kelley cut in profile. The next step
was to explore both sides of the cut wusing soil probes, hand
augers, and judicious trenching of key contacts using hand tools.
The U S. Natural Resources Conservation Service cooperated in
drilling several shallow test holes using a @Gddings rig from the
top of the hill.

These efforts indicated that the Munds Gavel occupies a
keyst one- shaped bl ock about 60 m wi de, flanked by MNairy strata

(mainly fine-grained, orange sand). On the south side of the
railroad, both Munds-MNairy contacts dip steeply inward and
appears to be faulted (Fig. 19). The east contact trends about

N5°W 85°W and the west contact N25°E/90°E. Bedding in the MNairy
dips inward on both sides, and abruptly steepens to nearly vertical
adjacent to the contacts with the Munds (Fig. 19). This folding
apparently reflects drag al ong the boundary faults. Bedding of the
mounds is poorly defined, but |enses of sand near the west nargin

dip 40-50° east. Colloidal soil clay within pore spaces of the
gravel was junbled after enpl acenent.
Soil probing showed that the hill is mantled with Roxana and

Peoria Silts and locally, an older silt believed to be Lovel and.
Most interesting, the |oess/Munds contact was synclinal on both
sides of the railroad. The Loveland(?) |oess was confined to the
trough of the syncline, and both Roxana and Peoria thickened toward
the axis of the trough. This evidence suggested |ate Pl eistocene,
or even Hol ocene tectonic activity.

In Cctober, 1997 we cleared soil fromthe north side of the
railroad cut across the full wdth of the inferred graben, using a
| arge, track-nounted backhoe. The |lower part of the slope, beyond
the reach of the backhoe, was explored by three pick-and-shovel
trenches and a nunber of snall test pits. The base of the slope,
protected by riprap, was not cleared. The surface was cleaned
using hand tools, |ogged, and photographed, resulting in a full-
width profile of the Kelley structure (Fig. 20). After study, the
soil was replaced and the sl ope was reseeded to prevent erosion.

Trenching revealed a synclinal feature involving the Munds
Gravel and younger units. The Munds-MNairy contacts north of the
railroad do not dip as steeply as on the south side of the tracks.

The east contact trends about N20°W 20°SW and appears to be a

tilted depositional contact rather than a fault. Vestward the
Mounds is truncated by a nearly vertical contact, that may be a
smal | fault. On the west side the Munds-MNairy contact trends

NLO°E/ 55°SE. I ndi cations of shearing were observed along the
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contact, but slip indicators were indefinite. Bedding of the
McNairy near the contact showed variable attitudes, nost dips in

the range of 20° to 40° eastward.
Overlying the Mounds Gravel were the following five units in
ascendi ng order

1. Rewor ked Mounds gravel, conposed of pinkish to brownish gray
chert gravel in a matrix of silt and sand. Mbst pebbl es bear
a wel | -devel oped bronze patina. Colloidal clay is absent from
pore spaces. The gravel thickens from0.6 mon the margins to
nearly 2 m near the center of the trough, but is conceal ed
below riprap in the deepest part of the structure. Beddi ng
and inbricated pebbles indicate deposition by water. Wether
this is Munds that was eroded and re-deposited, or in-place
Mounds subjected to soil formation, is uncertain.

2. Bright reddish orange silt that is strongly nottled and
contains |ayers of reworked Munds-type chert gravel. Thi s
unit is interpreted as pre-Illinoian |oess and/or colluvium

containing the Yarnmouth CGeosol and possibly ol der geosols
This unit (henceforth called Yarnouthian silt) is confined to
the central part of the structure and is at least 1.5 mthick,
with the base conceal ed.

3. Loveland Silt (loess), containing the Sanganon Geosol . The
Loveland is about 0.6 mthick and is confined to the centra
part of the trough.

4. Roxana Silt (loess), which thickens from about 1 m on both

margins to nore than 2 min the | ow point of the structure.

Peoria Silt (loess) thickens from2 mon the margins to nearly

5 min the trough of the structure. The top of the Peoria was
truncated and overlain by artificial fill during railroad
constructi on.

i

The Yarmouthian silt and Loveland Silt are confined to the
| ow, central part of the trough, in what may be a hal f-graben (Fig.
20). These silts are oxidized and not gleyed, indicating that they
accumulated in a well-drained setting rather than in a wet
depr essi on. Thus they probably accunulated on an upland surface
rather than along a valley floor or in a depression. Preservation
of these units only along the axis of the structural trough inplies
that they were downwarped after deposition, and eroded from the
fl anki ng highs prior to deposition of Roxana Silt.

The Roxana and Peoria Silts both thicken into the structura
trough, but no faults or other structures were found that cannot be
attributed to ordinary soil-formng processes. Thi ckeni ng of
Roxana and Peoria loesses into the structure mght reflect
conti nued subsi dence during Wsconsinan tinme, or nerely drifting of
wi ndbl own dust into a | ow pl ace, anal ogous to drifting snow.

Sone of us (Denny and Devera) propose that the Kelley
structure may be a Munds paleochannel rather than a tectonic
feature. According to the channel hypothesis, defornmed bedding
along the margins of the structure reflects slunping or bank
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col l apse along the sides of the channel. Denny and Devera point
out that the Kelley structure does not line up with any known fault
and has not been mapped away from the railroad cut. It |acks

clearly exposed faults, systematic jointing, and other features
that m ght be expected in a tectonic structure.

In rebuttal, the wedge of oxidized (well-drained) Yarnouthian
and Loveland silt at the trough axis is difficult to explain in a

pal eochannel . The normal or "interfluve" base of Munds near
Kelley is about 30 m above the level of the railroad tracks. |If a
narrow channel were cut below this level, it should have been
filled with gravel well above the top of the railroad cut. If the

channel were abandoned, sedinents that later filled it would
accumul ate in standing water and be gleyed rather than oxidized.
Also, the inward dips of MNairy bedding are typical of known
Neogene grabens (e.g. Barnes Creek, Reineking H I, New Col unbi a)
rat her than of pal eoslunps, which typically are rotated away from
t he channel nmargin.

Mre work is needed to clarify the origin of the Kelley
structure. A seismc reflection profile may show whether the
feature is underlain by faults. A drillhole along the axis of the
trough below track level also could test pal eochannel vs. graben
theories. The presence of Tertiary units bel ow Mounds G avel, or

continuation of Mounds to considerable depth (320 n) would rule in
favor of tectonic origin.

Lusk Creek Fault Zone (Maple G ove area)

The Lusk Creek Fault Zone is the northwest boundary fault of
the FAFC and an inportant elenment of the Reelfoot R ft. The Lusk
Creek joins the Rough O eek-Shaweetown Fault System at its
northeast end (Fig. 1). Traced southwest, the Lusk Ceek is
directly in line with the linear band of intense seismcity
nort heast of New Madrid. A seismc reflection profile (Bertagne
and Leising, 1991) shows that the Lusk Creek was active in Canbrian
time, wth the southeast side downthrown as a nornmal fault.

The Lusk Creek has been reactivated several times follow ng
Canbrian rifting. The only Neogene activity previously
denonstrated is at New Colunbia, Illinois, where the Munds G avel
i s downdropped into a narrow graben. The New Col unbi a graben (Fig.
2) is about 1.5 km northwest of and strikes parallel wth the Lusk
Creek master fault (Nelson et al., 1996 and 1997).

Borehol e data indicate that the Lusk Creek Fault Zone extends
sout hwest into the M ssissippi Enbaynment in Massac County (Fig. 2).

Near the Chio River the fault zone strikes N30°E and is probably
less than 1/2 km wi de. M ssi ssi ppi an bedrock is downt hrown about
30 m southeast of the zone. This displacenent is nuch less than
that mapped in Pal eozoic outcrops along the northeastern part of
the Lusk Oreek in Pope County. There is little or no relative
of fset of the bedrock surface (base of MMNairy Formation) across
the fault zone in Massac County. However, a narrow graben w thin
the fault zone contains Cretaceous, late Tertiary, and Quaternary
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sedinments that are downdropped several tens of neters relative to
their counterparts outside of the fault zone.

Two borehol es at the Maple Grove School (SEY2 SEY4a NEY; Sec. 10,
T15S, R3E, Joppa 7.5-mnute quadrangle) provide the principal
evidence for a graben in the Lusk Creek Fault Zone (Fig. 21)
Sample cuttings from a water well drilled at the school in the
1950s are on file at the |1SGS Al though the sanple set is

inconplete, it indicates anonmal ous conditions. Sanples from the
surface to 56 feet consist of sand and gravel, apparently Neogene
but not including Munds Gavel. MNairy Formation was | ogged from

56 to 91 m then chert rubble (Tuscal oosa or bedrock residuum from
91m to total depth at 101 m O her wells and outcrops near the
school show that the MMNairy Formation is at the surface (or
covered by 3-5 m of |oess) away from the school. The water wel
therefore indicates that the top of the MNairy is downdropped a
m ni nrum of 50 mat Maple G ove School.

W drilled a continuously cored borehole using a Geoprobe
about 10 m northeast of the existing water well. The log of the
cored hole is as foll ows:

0to 1.9 mPeoria Silt, wth nodern soi
1.9to0 3.5 m Roxana Silt
3.5t0 4.9 m Lovel and Silt, w th Sanganon Geosol
4.9to 11.6 m Metropolis formation; the upper 1.5 feet sandy silt
with scattered chert granules, the renai nder
di am cton contai ni ng rewor ked Mounds chert gravel
11.6 to 23.2 muUnidentified unit of sand and silt.

The unidentified unit is chiefly fine to medi umgrai ned sand
that varies from light gray to deep reddish gray and brownish
or ange. The sand contains a little silt matrix but no clay or
gravel, and only a trace of mca. An interval of light to dark
browni sh gray, sandy and clayey silt was cored from 17 to 19 m
The dark silt was processed for fossil pollen, but none was found
(Russel A. Peppers, 1997 pers. comm). Layering, where visible, is
steeply inclined and contort ed.

The wunidentified unit is definitely not Munds Gavel or
McNai ry Formation. Lack of chert pebbles strongly suggests that it
is older than the Mounds. Anmong known units, it nost closely
resenbles the WIcox Formation (Eocene), but it could be a younger
unit (Massac formation), as found in the Massac O eek graben.

The Maple Gove boreholes docunent a narrow graben that
underwent at |east two episodes of post-COetaceous novenent (Fig.
21). The first novenent was probably Pliocene or older and the
second, which displaced Metropolis formation, took place during the
Pl ei stocene. Future NEHRP studies planned for Maple Gove include
seismc reflection and/or georadar profiles to delineate subsurface
structure, and a continuously cored borehole to bedrock within the
gr aben.

Post Creek Cutoff
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Not rmuch new research was conducted on the Post O eek
structure during the past year, but several new devel opnents are
wort hy of nention.

To recapitul ate, a graben-like structure occurs near the nouth
of Post Creek Cutoff (NWi.SEY Sec. 2, T15S, R2E, Al exander County,
Bandana 7.5-m nute quadrangle). It is exposed in a deep gully and
was core-drilled by Kolata et al. (1981). The Munds Gavel is
dropped downward at least 20 mrelative to Mnairy Formation, and
folded into a syncline whose axis trends slightly east of north

The margi nal contacts exposed in the gully dip 40° to 50e. Core
drilling showed that the MNairy-Bedrock contact is downdropped
about 27 m along the east edge of the feature. Kolata et al.
(1981) proposed that the structure was a product of solution
col | apse of the underlying Mssissippian |inestone. Nelson et al
(1996) argued for possible tectonic origin but conceded that the
evi dence i s inconcl usive.

Fl ooding of the Chio R ver rendered the site inaccessible for
much of the field season. Revisiting the gully in Cctober of this
year, we discovered a newy exposed fault, about 20 m east of the
steeply dipping east nmargin of the structure. The fault strikes
N20°W and dips very steeply west, offsetting beds of the MNMNairy
Formation a mninum of 1.5 m Drag folds and mcro-faulting are
consistent with extensional tectonics and nornmal faulting with the

west side downthrown (toward the l|arger structure). No slip
i ndi cators were found.

New mapping and drilling raised the question of whether the
Post Creek structure contains Metropolis formation in addition to
Mounds G avel . Revisiting the site in Cctober, we confirned that
the sand overlying gravel along the axis of the structure is indeed
Mounds, as previously reported. The sand is uniformy reddish

orange (not nottled or strongly burrowed) and the chert pebbles
floating within have the bronze patina typical of Munds but not of
Met r opol i s.

Early in 1996 Martitia Tuttle of the University of Maryland
observed and phot ographed an apparent fault in Munds G avel along
Post Creek Cutoff 2 km north of the previously known structure
The fault observed by Tuttle strikes northwest and is in |line, but
different in trend from the l|arger structure. She observed the
fault at a low stage of Post Creek; high water l|levels rendered it
i naccessible during this field season.

The origin of the Post Creek structure remai ns questionabl e.
A high-resolution seismc survey and additional test drilling are
pl anned to address the tectonic vs. solution-collapse hypot heses of
its origin.

A nsted earthquake swarm
During the winter of 1983-1984 a swarm of small earthquakes

occurred north of A nsted, Pulaski County, near Lock and Dam # 53
on the Chio River (Stauder et al., 1984; Stover, 1988). Activity
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began intermttently in Novenber, 1983 and abruptly peaked in md-
February, 1984, when a total of 142 events were recorded by the St.
Louis University Earthquake Center (SLUEC). These trenors took
pl ace over a 19-day period, but the great mmjority happened on
February 14-16 (Fig. 22). The |argest quake, of magnitude 3.6,
occurred late on the 14th and was felt by residents of southern
Illinois, western Kentucky, and southeastern Mssouri (Stover,
1988, p. 67). Anot her 17 events during February registered
magni tudes of 2.0 or greater (SLUEC, unpublished data).

W plotted hypocenters for the February, 1984 earthquakes, as
recorded by SLUEC, on a map of southern Illinois (Fig. 23). N nety
percent are clustered into a northeast-trending oval area about 5
kmlong and 2 km wi de i mediately north of Lock and Dam # 53. The
remaining 10% of hypocenters are scattered north, west, and
sout hwest of the main cluster. Hypocentral data probably have a
spatial error of roughly 1 km larger events being nore precisely
| ocated (Robert Herrmann, SLUEC, verbal communication, 1997).

Focal depths calculated by the SLUEC are renarkably shall ow
Al but two of the 15 largest events (mag. 2.0 or greater) were at
depths of 1.2 to 5 km Many small trenors have |isted focal depths
greater than 10 km but these snaller events are |ess accurately
| ocated than the | arger ones.

Allowing for uncertainty in locations, the 1984 d nsted
eart hquake swarm appears to be concentrated along a northeast-
trending structure at a depth of 5 km or less. These depths lie
within Paleozoic bedrock and the upper part of Precanbrian
"basenent ".

A possible fault, striking northeast and displacing the top of
Pal eozoi ¢ bedrock about 100 m down to the southeast, has been
mapped near Lock and Dam # 53 on the basis of water-well records.
The inferred fault passes along the northwest edge of the nmain

cluster of hypocenters (Fig. 23). If the earthquakes took place
along this fault, a southeast dip (nornmal faulting) would be
i ndi cat ed. Detailed surface mapping in the area revealed few

outcrops of OCOetaceous and Tertiary strata, none were Vvisibly
def or ned.

The inferred fault corresponds with part of the "Anmerica
G aben" nmapped by Ross (1963). Nort heast-trending faults in
Pal eozoi ¢ bedrock near QA dsted also were mapped by Kolata et al.
(1981). The extent and history of these faults are poorly known,
but they run parallel with major structures of the Reelfoot R ft
and Fl uorspar Area Fault Conpl ex.

I n concl usion, the 1984 earthquake swarm near 4 nsted nay have
taken place along a southeast-dipping normal fault that is part of
the Reelfoot R ft.

Conmrer ce Geophysi cal Li neanent

The Commerce geophysical lineamrent (C&E) is a straight,
nort heast-trending alignment of gravity and magnetic anonalies that
parallels the northwest margin of the Reelfoot R ft from Arkansas
to western Indiana (Fig. 1). It is associated with current
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seismcity (Langenheim and H ldenbrand, 1997; Hldenbrand and
Ravat, 1997) and wth intricate Pleistocene to early Holocene
tectonic faulting in the Benton HIls area of Mssouri, only a few
mles fromthe Illinois border (Harrison et al., 1997).

Where it crosses southern Illinois, the C& has subtle surface
expr essi on. Sever al nort heast -t rendi ng faults of smal |
di spl acenent coincide with the C& in Illinois. Few of these
faults are exposed; those that are displace no nmaterials younger
t han Pennsyl vani an. Li near bedrock bluffs along the northwest
border of the Cache Valley in Al exander County are structurally
intriguing, but no faults are exposed al ong them

Qperating under an EDVAP grant from the USGS, Christine
Wsconbe of Southern Illinois University, Carbondale renmapped a
portion of the Thebes 7.5-mnute quadrangle in Al exander County
with the focus on possible tectonic faulting of Quaternary terrace
sedinments. She targeted two sites for backhoe trenching to uncover
possi bl e faults.

Wsconbe's first trenching site was on a bench interpreted as
a Pleistocene terrace in line wth a mapped fault in Paleozoic
bedrock. A slight declivity along the terrace top suggested fault
of f set. The trench was excavated to a depth of about 4 m across
the declivity, exposing the Peoria and Roxana Silts. No evi dence
of tectonic deformation was observed. Randomly oriented, vertica
fractures in the |oess apparently were products of ordinary soil-
form ng processes.

A second trench was opened on the floodplain of Sammons O eek
inline with a fault that displaces Silurian bedrock. The trench,
which did not reach bedrock, revealed defornmed alluvium
Unfortunately, rapid influx of groundwater into the trench
prevented detailed study, so no conclusions could be drawn as to
t he structure exposed.

CONCLUSI ONS

This study docunents w despread tectonic faulting in Mssac
County, Illinois during the Pleistocene Epoch. The pattern of
structures is consistent: narrow grabens, a few tens to a couple

hundred neters wide, trending nostly N 20-40° E, although sone run

nearly NS to N20O°E These grabens are clearly part of the
Fl uorspar Area Fault Conplex, a regional system of fractures that
originated in the sane Canbrian rifting ebvent that gave rise to
crustal fractures in the seismcally active New Madrid area. Every
maj or fault zone of the FAFC in this part of Illinois (Lusk Creek

Raum Hobbs GCeek, Barnes Oeek, and Rock Ceek fault zones)
di spl aces Pl ei stocene strat a.

The kinematics of faulting are poorly known. Al t hough the
graben structures suggest extension, several grabens contain
paral | el nor nmal and high-angle reverse faults. Such a

configuration suggests a conponent of strike slip. But as of yet,
we are unable to docunent the magnitude or even the direction of
horizontal slip in Massac County. Good slip indicators are
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available on faults in Paleozoic bedrock north of Mssac County,
but these may reflect nmuch older, pre-Tertiary episodes of
nmovenent . The wunlithified sedinents of the Enbaynent do not
preserve slickensides or mullion. En echelon folds and fracture
sets, indicative of strike slip, have not been observed, nor have
any features that could serve as piercing points.

Qur know edge of the timng of novenent is nuch inproved over
that presented in earlier reports (Nelson et al., 1996 and 1997).

The "Massac formation" of late Mocene to early Pleistocene age (»l
to 8 my. old) is dowmthrowm at least 100 minto the Massac O eek

structure. The Pliocene to early Pleistocene Mounds Gavel (»1 to
2 my. old) exhibits offsets of 30 to 60 m at several sites. The
younger Metropolis formation, a pre-Sanganonian Pl eistocene unit

(»75,000 to 1 my old) is displaced 10 to 30 m at several sites.

D spl acenments of Sanganonian and Wsconsinan strata (»10,000 to
75,000 years old) are small, nostly less than 1 m throw, and not
widely distributed. These inprecise figures yield average verti cal
offsets in the range of 1 to 3 neters per 100,000 at i ndividual
sites. Translating this figure to a regional strain rate would be
specul ative, given | ack of know edge of fault nechanics.

A northeast-striking, southeast-dipping normal fault, mnapped
fromwater-well data, possibly was the source of the February, 1984
eart hquake swarmnear A nsted, Illinois. The swarmis el ongate NE-
SW and nost of the larger events took place at depths of 5 km or
less. The inferred structure at Ansted is subparallel wth nost
Quaternary faults to the east in Massac County.

Further research, partly supported by current NEHRP fundi ng,
is in progress to place better constraints on timng and ki nematics
of Neogene faulting in Illinois. This research includes:

1.) Shal  ow, high-resolution seismc profiles at Mssac O eek,
Choat, Maple G ove, and hopefully Kelley and Post O eek sites.
The goal is to inmage the geonetry of faulting at depth (upper
Pal eozoic through Pleistocene strata) and to define targets

for drilling and trenching. Seismc is scheduled for md-
1998.

2.) Gound-penetrating radar surveys of Massac Creek, Choat, Maple
G ove, Reineking H I, and New Col unbia sites. These surveys

are designed to image shallow (g£10 n) deformation of
Pl ei stocene and Hol ocene materials, which then can be drilled
and/or trenched. Radar is schedul ed for m d-1998.

3.) Further drilling at all of the above sites. Miltiple shallow
(£ 30 m boreholes wll help define Neogene grabens and
provi de dateable materials. Deeper, continuous cored test
hol es are planned for the |larger grabens to recover conpl;ete
sections of graben-fill at least down to the MNairy
For mati on. Deep drill sites wll be selected follow ng

seismc work, in late 1998 and 1999.
4.) Trenching studies, to take place at sites defined by the above
activities, as well as "targets of opportunity” (such as
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6.)
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Kelley) identified during mapping. Defining the amount and
direction of strike-slip displacenent is a key objectyive of
trenchi ng studies.

Absol ute age-dating to constrain the tinme of fault novenents

at various sites. Met hods that we are using now include
pal ynol ogy, radi ocarbon, and thernol um nescence.
Additional studies are needed in the dnsted area. In

particular, a seismc reflection profile should be acquired to
verify the fault mapped fromwel |l data.
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NON- TECHNI CAL - SUMVARY

By drilling and trenching we docunented faults that displace
Pl ei stocene sedinents (»75,000 to 1 mllion years old) by as mnuch
as 30 neters in southernnost I[Ilinois. Most of these faults run

nort heast - sout hwest, directly toward the New Madrid seism c zone.

Most faults are nearly vertical and outline narrow (»10 to 200
nmet ers) downdr opped bl ocks. They have been active nmany tines in
geol ogi ¢ history. A swarm of snmall (magnitude 3.6 and |ess),
shallow (nostly 2 to 5 km deep) earthquakes near A nsted, Illinois
in February, 1984 may have taken place along another northeast-
trending fault.

NEHRP Award No. 1434-95-G 2525, "Quaternary Faulting in the New
Madrid Seismc Zone in Southern 1llinois". W John Nel son,
Principal Investigator, Illinois State Ceol ogical Survey, 615 E.
Peabody, Chanpai gn 61820. February 20, 1998.



